This paper presents the design and study of UNI 2 BIN, a playful interactive system challenging its users to recycle their textiles so to adopt more sustainable fashion habits. The system initially rewards the user with direct playful interactions when depositing clothes in the recycling machine, followed by dispensing a token granting access to a user specific website further depicting what happens to their recycled clothes. To close the loop, a clothing line is created from the supplied textiles. This paper addresses the design of the system to encourage sustainable fashion and textile awareness amongst young adults, including the sustainability challenges, playful strategy used and the studies that informed the system, namely an interview study with 30 participants between 18 and 25 years old. Furthermore, preliminary lessons learned are presented from the design and evaluation of the system.
INTRODUCTION
One of the biggest challenges for the global fashion industry is scarcity of resources, such as oil, water and land, as its demand is ever increasing [7] . At the same time, a tremendous amount of textile is being wasted: in The Netherlands alone, approximately 135 million kilos of textiles are wasted every year as ending up in landfills, while only about 70 million kilos is collected for recycling [11] . For sparing resources and taking pressure off landfills, recycling is an apparent solution for the fashion industry chain. As promising methods for better recycling are being developed -particularly upcycling techniques that can unravel and re-spin used fabrics into high-quality new fabrics-the collection of used textiles is becoming increasingly imperative. Thus, one of the things that the consumer can do to make a sustainable change is recycling their textiles instead of throwing them away. Consequently, it is important for people to become aware of this issue and to present durable ways that lead to a demand that would change the current fashion chain. However, research [14] suggests that particularly young adults' willingness to take action in helping the environment has been declining over the years. And thus, the question is how to positively motivate these people and engage them in lasting recycling and waste habits. For this purpose, this paper presents the iterative design of a playful textile recycling system (see Figure 1 ) that targets young adults. To engage the user in the entire recycling process, the work also 
RELATED WORK
Environmental sustainability is a fast growing research field in HCI. Approaching sustainability from the perspective of HCI [4] and sustainable Interaction Design (SID) [1, 2] is increasingly being explored. Indeed, these fields offer many insights in the design of systems that support environmental sustainable behaviour. Some researchers [8] have begun to conceptualize how fashion-related behaviour can become more sustainable through design, but more (practical examples of) digital solutions are needed to reach its full potential. The field of persuasive design [3, 12] offers an insight into what design strategies can be used to influence people to adopt more sustainable behaviour. For example, persuasive systems that use social influence to steer behaviour include the projects Wattsup? [5] and BinCam [12] . Wattsup? aims to motivate people to reduce domestic energy consumption using social networks. Like UNI 2 BIN, BinCam aims to instigate users to reflect on recycling and waste habits. However, UNI 2 BIN focuses not only on the short duration of the disposal itself, but covers the whole recycling process instead.
An interactive installation that also aims to create lasting awareness of an environmental issue -in this case forest fires-is Play with fire [6] , using a playful approach. Projects that regard waste recycling, such as The Bottle Bank Arcade Machine [9] and The World's Deepest Bin [10] by The fun Theory also show that a playful approach can be an effective way to encourage sustainable behaviour. UNI 2 BIN adopts a playful strategy as well, but focuses on the less investigated environmental issue of textile recycling.
DESIGN STUDIES
Considering related work, the large amount of textiles being wasted and the prospect of making high-quality clothes out of recycled ones, the design concept was based on a system to engage young adults in the recycling process. To inform the design of such a playful system for promoting textile recycling, several design studies were conducted, namely a short recycling experiment and a lengthier interview study to evaluate young adults' attitudes towards recycling textiles. Furthermore, small-scale studies with design iterations were carried out. Lastly, the final recycling machine was evaluated to study how users interacted with and understood the system. The studies were all conducted at a School for Arts, Media & Technology so that young adults between 18 and 25 years could be targeted at one location.
Recycling experiment
The first stage of the study was a recycling experiment for which an email was sent out to approximately 1100 students of the same university (Utrecht school of the Arts). It concerned a call to all students to bring as many textiles as possible (including worn down and torn textiles) to the school's location at a specific moment and recycle them through a provided recycling bank in exchange for a reward. Participants could choose between something 'meaningful', which meant an extensive thank-you letter explaining the positive value of their actions, or something 'yummy': a cookie. The email was sent out one day prior to the test and took place in the school's canteen for a period of two hours. This experiment was conducted for mainly three purposes: (i) Explore initial recycling behaviour without intervention of a playful system; (ii) Investigate what kind of reward would motivate recycling, and (iii) Gain and collect items that could be used as (inspirational) material for the design of a fashion line.
Findings from the recycle experiment
Only nine students responded to the email call and brought clothes to recycle, as shown in Figure 2 .
The amount of contributed clothes per participant could be considered high: nine students contributed around four large garbage bags in total that were filled with textiles. Jeans were the most collected type of garment. Three participants (33%) did not want a reward, but only wanted to dispose their brought textiles. The 'meaningful' reward was most favoured as this was chosen by the other six participants (67%) and positively valued by all. 
Semi-structured interview study
The first brief call to recycle led to only few participants. Therefore, semi-structured interviews were held to: (i) Reach a larger group of participants, and (ii) Learn more about the young adults' general recycling habits. Participants were targeted randomly within the school's grounds. Questions regarded their current fashion consumption and textile disposal, and general recycling knowledge and perceptions.
Results from the interviews
The interviews were held with 30 participants, from which 18 were male and 12 were female. The interview results suggest that participants were often unaware of more sustainable options that they could make, leading to textiles unnecessarily wasted. Interestingly, only a small minority of the participants (10%) associated the purpose of recycling textiles with environmental benefits. The majority of the participants (60%) associated the purpose of recycling textiles solely with secondhand use. As one of the participants stated:
"Recycling textiles is valuable for helping the poor. When my garments no longer look nice or have holes, I throw them away. I don't see the point of recycling something that is already worn down."
Half of the participants (50%) indicated to normally throwaway textiles for such similar reasons. Notably, almost all of the participants (93%) stated to regularly recycle other types of waste, such as glass and paper, which they associated with protecting the environment. It was considered difficult by most of the participants to describe how sustainable their clothes are. Longevity was the most popular mentioned reason by ten participants (33%) for perceiving their clothes as sustainable. Only one participant (3%) indicated that a garment's material played a part in deciding whether or not her clothes were sustainable. She stated:
"My most sustainable garment is my sweater. It's made of 100% wool, so that must be very natural and sustainable material. [...] I don't think about sustainability when buying clothes. Then again, I don't feel that I am provided with a choice. I really have no idea which garment is sustainable and which one isn't."
None of the young adults were aware of the possibilities to recycle textiles for making new fabrics or other products. Upcycling, the process of converting old or discarded materials, such as textiles into something of better use or higher quality was also an unfamiliar concept to them. However, the majority of the participants (77%) indicated to be interested in finding out more. Therefore, it was found that the proposed system should make the target group more aware of the latent potential and added value of textile recycling.
Design iterations
Based on the previously described studies and discussions with collaborative experts in the field of sustainable fashion, several iterations of a playful textile-recycling machine were designed (such as Figure 1, 3, and 4 ). Some were early dismissed in the design process, such as a hologram machine (Figure 3) , because of reasons as impractical lightning and scaling conditions.
Another prototype included a simple card-box version, which was used to evaluate how users responded to different types of rewards -such as confetti coming out of the bin's opening and music playing-and another textile recycling bin which used balloons representing oil, co2 and water to inform the user about environmental resources saved by recycling textiles (Figure 4 ). These prototypes were consecutively placed and tested in the school's canteen for few hours to gauge initial reactions. Students that passed-by were observed or asked to use these prototypes. For the interactive card-box prototype, this involved 15 passers-by, and for the balloon prototype, 12 participants interacted with this.
Findings iterative design
Several conclusions were drawn from the evaluation of these prototypes: (i) The young adults responded positively to the containers' unexpected feedback. As soon as the container did something they were not expecting, it got their full attention.
(ii) Terms such as oil, co2 and amounts of water in relation to how much of these resources were saved by recycling textiles were not directly valued by the passers-by. Therefore, for our final design, we believed that such data should be easier to directly identify with. Furthermore, as participants seemed to positively respond to unexpected feedback, for the final design of the system we believed that unexpected, surprising interactions, revealing the mysterious recycle process should play a leading role.
SYSTEM DESIGN: UNI 2 BIN
Informed by the initial studies and iterative prototypes, the interactive system UNI 2 BIN (derived meaning: you need to -bin) was designed by a multi-disciplinary team (including textile and fashion sustainability experts, game-, interaction-and fashion designers) with the aim to increase awareness of the beneficial aspects of recycling textiles into new fabrics. The final interactive recycling machine ( Figure 5, 8) provides direct information about what happens to the clothes when these are recycled via short animations that can be seen by the user and bystanders through various peepholes that are spread over its surface.
The machine is about average size for a textile recycle bin (1.2 x 1.2 x 2.0 = 2,9 m 3 ) and contains room for the deposited textiles, a computer, four screens (one for each peephole), two speakers, a printer for dispensing tickets, and custom built softand hardware to start the machine upon interaction with the mechanical aperture. As soon as textiles have been interactively disposed in the machine's aperture, sounds and animations of the textile recycling and production processes start to play. The machine then disposes a ticket that links to a website enabling users to track their own contributions. To close the loop, a clothing line has been designed out of the recycled fabrics.
The website, as shown in Figure 6 , was designed to (a) be able to reach and engage users for a longer period than just the short moment of using the textile-recycling machine; (b) enable updates and additions to further encourage sustainable behaviour, e.g. via playful challenges as "wash your clothes at 30 instead of 40 degrees" and so help to create longer lasting sustainable lifestyles; (c) let users keep track of and reflect upon their contributions in recycling and suggest sustainable alternatives; (d) present the clothing line (which users contribute to through recycling their textiles) ( Figure 7 ). The current fashion line has been created out of recycled material that was acquired through the design study. This also included a visit to Humana, a large distribution and sorting organisation for recycled textiles, to acquire additional inspiration and material. The line has been created to set a tangible example for using recycled fabrics to create new garments, and as a reward to all the people who contributed their old textiles to the program. The inside of each item contains instructions on what to do with it after use: recycle it again.
EVALUATION OF THE FINAL SYSTEM
A user study was conducted with the final, functional version of the UNI 2 BIN (Figure 5, 8 ) that dispenses a ticket after each use, referring the participant to the website. The study lasted one week and included 28 participants in total in which the final machine was located in one of the university's hallways. Students that happened to pass by the system were asked to participate in a short user study. Machine usage was observed from a short distance and field notes were taken. After the user test was complete, the participants were asked to fill out a survey on a provided computer. Questions regarded their overall experience with the machine, which kind of wordings they associated with the experience, whether they planned on visiting the website and whether they felt more motivated about recycling textiles than prior to the test.
Findings from the user study
The sounds that start playing directly after disposing clothes encouraged its users to take a closer look at the machine, often resulting in the discovery of the peek holes and positively responding to the animations shown. The results from the survey indicated the following: from a total of 28 participants, a majority (57%) indicated to associate and experience the playful system as 'weird and wonderful'. Some users (39%) indicated to believe that their clothes were being renovated inside the machine. Half of the participants (50%) indicated to feel more motivated towards recycling their old textiles than prior to the study.
The findings from the user study further suggest that the system made the participants feel more lastingly engaged in the whole textile recycling process. As one of the participants stated:
"It is interesting for me to still be involved even after having disposed your clothes. Seeing what will happen to these makes me hungry for more information."
In this vein, almost half of the participants (46%) stated in the survey that they intended to use the ticket and website to find out more. In addition to the test cases, many passersby were observed to show interest in interacting with the machine by looking into the peek holes or opening and closing its aperture to see what would happen.
LESSONS LEARNED
Although more studies are needed to evaluate the effectiveness of the playful recycling system, the preliminary lessons learned from this study are the following:
• Recycling textiles is a promising, but neglected solution to sparing resources in the textile industry.
• Recycling textiles seems to be highly associated with second-hand use by the young adults involved and not with upcycling or protecting the environment. Playful design and interactive solutions can help to broaden this perspective to prevent textiles and scarce resources being wasted.
• The participants were often unaware of the more sustainable options that they could make. Playful interactive interventions can help to inform, engage and address this.
• More attention is needed in the HCI area to design and create playful digital examples that motivate lasting sustainable action.
• To motivate change, it seems important to present the positive effects of the desired sustainable behaviour in ways that are meaningful, transparent and easy to relate to.
• A playful approach with a sense of mystery and extraordinary feedback can help to attract people and seduce them to adopt and engage in more sustainable behaviour.
• Multifaceted issues need a broad, multidisciplinary approach. 
DISCUSSION AND FUTURE WORK
This paper described the iterative design process of the UNI 2 BIN recycling system, as an example for motivating and engaging young adults in lasting sustainable textile recycling habits. A playful strategy was particularly explored to motivate sustainable action. The UNI 2 BIN system informs its users about the value of recycling, by showing that new textiles and garments can be made out of their old textiles. It aims to change the biases around textile recycling being only about second-hand use and to make people aware of the true need to recycle. The results of this work support other work (e.g. [6] ) concerning the effective use of playful approaches to persuade sustainable behaviour. UNI 2 BIN seemed to be effective in motivating users to recycle. However, the studies were of a modest scale and the over-all design needs to be further optimized, evaluated, advanced and positioned in the whole fashion and textile recycling chain. Next studies should include an evaluation of the system for a longer period of time with a larger public and a comparative study of other (non) playful strategies. This would enable more insights of the effectiveness of the system, how such recycle system and website would be used over a longer period of time and how systems can be best designed for young adults and a whole community to motivate sustainable behaviour. The ultimate goal is to shift the main use of virgin fabrics in the fashion industry to upcycled fabrics, making this the new standard.
